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TION 1. NTRODUCTION 
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The City of Frankston 


is located on the south eastern shoreline of Port Phillip Bey 
gone 50 kilometres from Melbourne. Usdan development of the 
fringe areas of the city over the past decade has necessitated 
enlargement of the drainage systems possing through the city 
fo the Bay. Beach Street is located on the north side of the 
Centre business district, and intersects the Nepean Highway 
Gnich ie the coastal route between Melbourne and Frankstor 

‘The duplication of the Beach Street drainage farility became a 
‘ter of vone urgency when the existing drainage system capacity 
‘exceeded in February 1977 resulting in localized flooding in 
some parts of the business district. 


The Duplication of Exieting P; 


The Authority wes confronted with the situation of having two 
pipelines, 8 1725nm diameter R.C.P. and 1200mm diameter R.C.P~ 
entering the upstream end of Beach Street and with two smaller 


pipelines, a 1500nm R.C.P. and 900m R.C.P. providing the outfall 
at the downstream end of 


ach Street. This downstream outfall 
commercial of Frankston and 
the upstream residential area simultaneously. Consequently 
small return pexiod storms resulted in the downstream pipelines 
running full, with no capacity remaining for the commercial a} 


Alternatives to duplication of the downstream outfall were studied 
including the provision of retarding basins and diversion of 
upstream areas through other parts of the ostchment, but 
Frankston is fully urbanised these sltemetives were not 
practicable. 


The proposed duplication involved the leying by open cut 
of 72 metres of 1650am R.C.P. parallel to and between the existing 
1500me and 900mm R.C.P.'s in the shellow upstream section jacking, 
the centre section which consisted of 175.17 metres af 1950mm 
dieneter "Z" Class R.C.P.'s over the existing 900mm diemeter 
R.C.P. and then once agein laying the last section by open cut 
which involved 36,25 retres of 1875mn "X" Class R.C.P.'s (It 
should be noted that the internal diameter of an 1875nm R.C.P. 

is equivalent to the internal diameter of a 1950nm diameter 

"2" Class pipe). 


‘An alignment plan is shown on Fig. 1. 


AUGNMENT PLAN 


GEOLOGY 


SECTION 
of Victorio the oren from Konanook 


Creek to Evelyn Street i¢ 2 Queternery siliceous ond colccrcauo cond 
unilst upstream of Evélyn Stroct is a Quaternary posty cloy. The 
Quaternery send is 2 dune or beach deposit whereas the quaternary cley $¢ 


mainly swamp depovit. 


According to the Geological Survey 


In January of 1976, three bore holes were placed along the centreline of 
the jacking section, one being in the centre of Nepean Highway one cach 
in the East ond West sections of Beach Street end adjacent to the Highway. 
These results were then compiled to produce ® Geological Longitudinal 
section 25 shown on Fig. 2. 
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it regular intervels 
This 


during 


Stenderd Penetroneter Tests ~ 
he reletive density and 


to estinate t) a 
Eacied an approxivate determination 0} 
fhe jacking operation+ 

contractors who he 
further enquiries were made to locel Authorities end c 
Tern"engeged on building projects adjacent to the Sees. ALL indicated 
been engedessterials that resembled those which were shows On the bore 1098+ 


The ground conditions encountered during construction ware eimiler to what 
‘The grounded in the bore loge. The send wee very dry with Vary Little 
the sond wos basically 


This, together with the fact that 
hy unstable working environment. 


‘Section 6). Troughout the 
composed of three different 
he material used to backfill the trench in 
Thich the 90am diencter cest in situ pipe was constructed. This wee 
Johtly moist and fatty send that had no strength and collepeed with 
Sinor vibrations. The second material was the naturel materts 
Tigo of the 900mm existing pipe. It eppears that this material has been 
Siiuvied deposited in leyers of up to 75mm in thickness. Some of these 
{tyere conteined shells, others were a black orgenic materiel and the remainder 
sand deposits. 


‘The third material was found close to the invert of the 1950nm pipe being 
Jacked, It wae @ peaty clay which wes generally very wet with free 


water present and @ fairly high organic content. 


paterials. 


he the job progressed the amount of sand decreased and the pest 

. 2 penty clay 

Becna Hut Srdnee a shee ee edninatl, eat 30 
chainage 180 there wee no send left at the fac 

of the backfill material. . LEER EOS ENE 


section 3, ALTERNATIVES 19 PIPE JACKING 


3.1 General Auternstives: 


hw hes aireedy beon described, 
ae eetione mee this. job 0 difficult one 
sont tinte aapoand oy eter Authorition an 

mI ee nofe onerove still- 
realy construction method! 


2 munber of unusual geologicol 
In addition there 
‘and existing 
factors led 


servic 
to the consideration of various 


3.1.4. Soft Ground Tunnel and Tunned Line) 


\s was closely exanined 2: ; 
see scerolis aed for long Lengths of tunnel where high 
Speed production wae necesasry. For this application, 
however, where only « fairly short length wes invalved 
and to have the liners precast would have been uneconomice 
fnother added expense would have been in lining the 
interior with concrete to provide a smooth surfece for 
optinum flow conditions. The cutting shield would have 
had to be gated to hold the face. Therefore this method 
rejected in favour of pipe jecking. 


This 


Conventional Sof ynd_Tunned 


The conventions] method of soft ground tunnelling using 
sets and *forepoling” wes considered and discarded, the 
geps between the forepoling would permit leakage of the 
"hour gles like" sand. It @1s0 hed the disadvantage 
of providing insufficient support at and near the face. 
‘As wes later experienced the sand required an almost 
water-tight lining to prevent it xunning in. This 
technique did not satisfy those requirements. 


3.4.3, Sheet Pau ut 


Cut end cover trenching was considered at length es it was 
initially considered to provide the cheapest enewer to the 
problem, However, there were © number of aspects which 
did not favour this method. Firstly, there was the 
requirement to cause as little interference as possible 
to traffic on the Nepeen Highway. Open cutting to a 
depth of 6 metres in this area was opposed by the highway 
Authority end Municipal Council, The difficulty of 
avoiding services wes another problem presented by the 
sheet piling alternative. This problem wae most pertinent 
where some of the services were encased in fibrolite pipe 


which are prone te damage with the slightest ground movement. 


Another objection to sh 


t piling was the noise factor. 
S sina reed eres such Frankston it was imperative 
fe tere noise toe mininum, Aa wae loter discovered the 
srevaga ot neavyweight sheet piling for the shaft support 
the eieficeets vty and Slow operation. Needless to sey 
red sat iculty of driving the piles into the cosrsa dune 
e not fully realised et the early dicuesion ata 


31.4/ 


3.2 


peared to be the most favourable solution. 
This method satisfied the criterie of minimum surface 
interference. it was also a method which covid provide 
@ convenient way of avoiding difficulty with other 
rvices and at the same time being e reasonably simple 
i quick method. The pipes were in fact the finished 
“Lining” with no surfacing work being required on the 
completion of works. 


History of Pipe Jecking in Australia 


The history of pipe jacking in Australia is not well docunenti 
Until very recently, it appears thet most of the jacking carried 
cut in Australia hes been restricted to small dieneter storm water 
drains. The Authorities in charge of these projects have required 
pilot tunnel and a concrate cradle for the jacked pipe to ride on. 
This is because it was believed that the required tolerance could 


not be achieved by true pipe jacking. 


secTio! Pree MACHINE AND ASSOCIAT! KS. 
at ipe Machi 


Upon adapting pipe jacking as the method of construction and 
with subsequent investigations revealing that there were no 
machines of suitable calibre aveileble in Australia, the 
Authority set to and designed and constructed its own machine. 


The machine consisted of four hydraulic cylinders an @ grid 
stem of approximately 2.1 metre centres. The hydraulics were 

designed to operate on a maximum pressure of 35 MPa (5,000 

peed.) which is produced from an axial piston pump powered 

by @ 6 cylinder diesel motor. The power unit wes located in 

@ soundproof shed and can be positioned up to 15 metres from 

ye jacking machine. The control panel wes located between 

‘the top two cylinders and from here, the operator was eble to 

control the direction end speed of the rams and the operation 

of the engine. The engine protection devices were #160 

duplicated on the control panel so that the operater was informed 

ac to whet was happening to the engine. With the combination 

of this pump, and motor, the jacking mechine can provids en cutput 

(designed) of 725 tonnes but in operation has been tested up to 

800 tonnes, At the rated output, the rans have » speed of 255 

n/ninute meking the rete of advencenent quite satisfactory. 


To obtain the full pushing length of pine (2.44 metres) the 
hydraulic rans are retracted at the end of the stroke (127Gam) 
which in turn extends a sliding ram from the pushing head which 
is 1250nm in length. The sliding ran 3s locked into position and 
with the second stroke of the hydraulic ram, the total distence 
pushed is 252mm. The jacking sequence i8 shown in Fig 3. 


STAGES OF PIPE JACKING 


4.2 


Design of Jacking Pit 


The pit in which the jacking machine was lecated is based on 
the typical shaft adopted for this type of underground work. 
The pit measured 8.0 metres in length and 4.1 metres in width. 
A 450nm wide concrete collar was poured on the surface, to 
jerve as ® support to the members from which the horizontal 
jets were hung end as © level base to which the gantry rails 
could be sttached. 


The horizontal sets which supported the timber lagging were mode 
from 200 UB 30 universal been spaced at 1.0m centres. Each 

set was suspended from the previous set by eight lengths of 100mm 
channel; the channel acting as a spr ber and tie rod 
Simultaneously. At @ depth of thr » the sheft «i 


metre 
stepped to allow the next length of lagging to be inserted 
without disturbing those placed previously. This bottom 


section also had 8 portal frane erected midwey along the length 
of the bottom set. This enabled the use of © smeller ei 
section in such high load bearing ground. When the pit is 
located in materials such es stiff clay, there is no need for 
this centre portal frame. 


Once the desired floor level is reached a pair of running reils 
for the jacking machine and pushing head are lowered into 

position, placed on line and grade and then concreted into position. 
The jacking machine end the pushing head can then be lowered into 
position. By plecing the machine into the shaft et this stage, 

the back of the frame cen be used es form work for the placing 

of concrete for the pushing block. Once concrete is pieced and 
allowed to cure (this curing time being used to construct the 
portal st the other end of the pit for the pipeline to go 

through), the jacking operation is ready to commence 


hs d_ Gente 


Yo make the operetion self supporting once the project is 
operetional, the Authority also constructed an overhead gantry. 
The gantry's main function was to remove the spoil from the pit 
and dump it into 8 waiting truck. However, by using a series of 
pulley biocks it was possible to increase the gantry's lifting 
capacity from 2 tonnes (direct line pull from winch) to 6 tonnes, 
the weight of the pipes thet were being jacke 
hours of crene hir 


The winch is hydraulicelly powered from an of f= 
unit which powere the jacking machine. Two hoses (one pr 
Line and ons tank line) are run from the "tee" fittings in the 

main line to ® lever velve located on the ide of the gentry. 

This gives the operator full view of any lifting operetion. 

To this dete, the gantry is pushed by two men (one being the 

winch operstor, the other the truck driver). For future 

opera’ ‘Sons means of mechanical propulsion wil 

to increase the overall efficiency of the preject. : eerie 


arrengement of the jacking machine, 
seomncenent ot ] ne, pit end overhead gentry ig 


Aud, 


Fig. 4 


eld and Pj 


In any Pipe Jacking project it is desirous that the pip 
are jacked fron one pit to the next without the need for any 
corrective measures to be taken, however, this situation 
would only occur on occasions few and far between. 


To affect the steering, the shield was jecked away from the 
front of the concrete pipe and steel packers inserted. 

For example if the pipe was low, the battom edge or 6 o'clock 
position of the shield was packed. If the pipe was high and 
to the right, the 12.00 snd 3.00 o'clock positions were packed. 
It must be remembered that the aim of the exercise is not to 
get the pipe back onto line immediately but to regrade the 
Pipeline from the present position to the desired finishing 
location, otherwise the change will be too severe and the 
correct level will be overshot. Inevitably with correction 
end counter corrections, line and grede will be lost, the 
shield wili be out of control end all sensitivity of steering 
will be lost. 


‘ 
e 


asine example of thin ie 6: 
fe thy fob hixto: 
now to the field of nie jacking 
ant the dedey in xeepnnce te ditsetice a] 
“extorience, it was found that @ reaps 
for 3.7m} are jacked follewing a 
1, if @ result was not chserved wits 
oerestion being made the eraunt of packing wae 
By the time 3.7m hed been jecked from tha 
the packings hed amounted to 40=m, This 
climb of 0.6m in three pipe tengths which 
abandonment of thi stage of the project. 
the smount of packing was reduced to [Ora 
for that distance of 3.7m. 
corrective measures taken could be econ and 
better understanding of the way the shield would ress. 3 ¢ 
time the project was canpleted we were confident of «0 
toterance of = Sdmm on line and grade in this unstable 72" 
It is anticipated thot in a firm material there would s2 
trouble in reducing this margin to 2 25mm an both line ar. 


Cutting Shieid 


The cutting shield which 4s located an the front of the > 
Serves mny purposes, 


11) With @ nood on the shicld unstable material can te sarc 
to Bllow the face to be cleared and the pipeline to acvarce. 


(2) The dogree of svar oxcavetion can be preadoternined, £ 
this purticulor case there waa a 10mm avorcut ali raved 
whinh Secreaosd the amount of friction on the following 


pipeline. 


() The shinld allowed ua to make conacetions fer doviations 
whdch peturred from lina end geade, 


Fhe shield was 1,25 metres Jong at the top ant dawn to daringing 
Aine amd 140 matrea Jong from the spedneing Line down isac es 
heed mn the top half af the shield wae Us!h matkes in langt>, 
“Ine terse] of tha shield was polled fron 2um thick mild eerste 
plate ond had a aeries of webs and Pih6 Welded tu the imaice ts 
‘pive St ite mtzangth. The Jeadiny adge OF the whintd was 
cbevelled et 45° to provide a plean cubbiny wilje aid the anicty 
set over tha firet pipa by 100, 


j deat: 


2+ wes antinipated that the'sand falling bik oH ty the pipe 
wid produce dreg problems, aA ta pvercim thie, Heatuntee 
Slurry wap pumped inte the annwua farhud hy tw Cubléng ahtetds 
Bentonite 39 a very fine particle clay which ds vtneetly 
soepuering and when mixed in the cAPERCE Propuytiuna of water, 
Aneme @ slurtye The reaction with the watey be vey wow aod 
rot #13 the Bentonite is canaymed in the intial ieackton, 
Shesefore with téma the Slurry en the Butaide uF the pipe tothe 
dinso # Ged thus provides bath a JubELEAAL Hid é Wupport systed 
os she pand shows the pipelines 


at 


intermediate Jacking Station (1.J.5. 


Based on the success from previous stages as described in 
Section 5, it wes proposed to jeck as far as possible in the 
lest jacking stage (Stage 6) therefore to increase the machine 
output en Intermediate Jacking Station was incorporated in the 
pipeline. The I.J.S, was pleced 8 pipes back from the shield. 
In this way the I.J.S, would push the front pipes and the shield 
forward end allow the reer pipes to be pushed up into the berrel 
of the Jacking Station. The jacking station consisted of 12 
hydraulic cylinders 100mm in diameter and had e 300m stroke 
They were powered from the main power unit with the fluid 

being carried via a 20mm diameter hydraulic hose inside the 
pipeline. Applying the 35 MPa pre cylinders, 

the maximum output from the station was 350 tonnes. 


On completion of the project the jacking stetion was renoved 
and the reer pipes pushed up to close the space in which the 
station was located. 


An analysis of the pre 
Jacking operation can be 


ures recorded during the complete 
plotted on a graph on Fig. 5. 


OF PES 1 poeeztbent 


‘GRAPH-PRESSURES VB DISTANCE JACKED 


Fig. 5 


secriou 5.__08 wrsrory 


st 


5.2 


Introduction 


The duplication works involved 


indicated on Figure 1. SNE oRsattee 


and are 


As tieulbaee previously, the project was cerried out usin 
the Authority's Day Labour Orgenizetion. The work commenced 
in Mid Hay iorT fond concluded in June of the following year 

ver ages 1, 2 & 3 were comple: ‘ 
Authority decided to abandon the Palio’ Uike thes he huay 
summer and Christmas shopping period. It also allowed us 
time to modify some of the major items to expedite the 
latter stages of the project. 


Final figures show thet 176m of pipe were jacked end 109m 
were laid by means of open cut through the shallow sections 
of the job. The following subsections give @ brief 
description of each stage of the project. 


The First Jacking P. king Stages 1 & 2 


It was originally proposed to construct the Jacking Pit by 
erecting the horizontal sets and driving interlocking sheet 
piling behind them, however the proposal did not fulfil all 
expectations. 


The main problem encountered was that the dry sand ran up 
into the clutches of the sheeting which ceused the sheets to 
lock together. Although it was possible to continue driving, 
time taken to drive the second 3.0m length of sheeting wes 
300% longer than the first 3.0m, 


The material encountered for the entire depth was dry running 
send which had no self supporting ability, therefore expleining 
the need for the sheeting to be pre-driven. This lack of 
internal strength of the material also promoted problems once 
the shield wes pushed through the well of the jacking pit. 

The sand ran freely from the shield and ingo the pit. This 
resulted in a cavity of approximately 4.0m forming under the 
road pavement, which was backfilled with a stabilised sand. 


Investigations were made at this juncture into using @ ligno 
suphanate chemical grout, but field triels groved ineffective 
‘and exorbitant costs (in the order of $25/m of ground 
atebilised for materials only). After considerable delays, 
the first pipe was lowered, a new face excavated and the drive 
commenced. It was anticipated that with careful excavation, 
we could, with the eid of @ shuttering system, proceed without 
the need of stebilizetion. This did not occur and with the 14 
pipes jacked in this section the number of face losses, both 
mejor and minor were numerous, 


2 contd 


teering of this stage of the pi, 
problems As indicated in Section 43, peed 
Decking thet was placed in the shield for 
fas far too much and the result of thie wa. 
rose 0,60m in three pipelengths, This occurred 
pipes had been jacked so to overcome the probles the nwt 
fron the bottom was transferred to the top of the nein? 
flatten off the rate of climb. This proved effectene in” 
changing the direction of the pipeline but resulted in tn 
two following pipes not being able to follow ercund the 
deflection. The joints of the pipes opened up and in one 
the pipe came out of the steel ring wilich joined the 
and started to ride over the preceding pipe.  Attonpts were 
made to pull the pipes back together again but this proved 
ineffective end by this stage, the Jacking Machine had 
expended ell of its available output, This stage was then 
abandoned. 


Stage 2 - Jacking Pit to Kananook Creek 


It was decided to leave the cutting shield buried in the 
front of the pipeline and construct @ new shield for the 
downstream section. 


‘Oused man; 
‘the amount of 
corrective purposes 
8 that the pipeline 


By the time the project was ready to recommence, the D.V:A. 
Laboratory had developed @ silicate grout so this stage was 

to be used as a test run. Grouting was done from the surface 
with holes being drilled at 1-1}m intervals elong the centreline 
and another hole 1.0m either side of the centreline. 


This proved very successful with fourteen pipes being jacked 
without any loss of fece material. The line and level wes 
quite satisfactory considering the previous attempt with the 
level dropping to 80mm low in the firet pipes and then 
Temeining constant for the last nine pipes. The lest section 
known as Stage 3 was done by “cut and cover" method as most of 
this stage was out of the roed reserve and was involved in the 
connection of the pipeline into the creek. 


Stege 4 - Cutting Shield Recovery Shaft 


of the second shield was in no way comparable 
It was therefore decided to 


The performance 
to that of the first shield. 
recover the first shield by putting down a circuler "sewer 
shaft" over the shield during the weekend period when the 

traffic wes at its lowest flow. The sheft was grouted with 
the "Herd" silicate to provide extre support. Consequently 
we were able to hold @ vertical face 1-1.5m in height with no 


indication of collapse. 


Once the shield was recovered the pit wes beckfilled leaving ell 
the sets and timber in plac This was done so as when Stage 5 
was jocked, the shield could be recovered the second tine and 
eny mismatch in the jointing of the pipes be overcone by the use 
of @ bandage joint (if required). 


poration for Second Jacking Pit 


$5 


of timber 
sful 
ky 
grout hed been 
of holes 0.60m 
placed from the 

im, thus leaving the 

therefore it 


perimeter of the pit out a distance of 1 
neterial in the centre of the pit ungroute 
wos easily excavated, 


As excavation progressed, it was possible Z 
down behind the steel sets, thus Kndicating bor tesa nak 
grout was. While the sand in the centre of the shaft was 
dry and cohesionless, the outer walls of the excavation were 
like sand stone and could stand vertical in 1.5m high 
sections. 


5.6 Stage 5 - Jacking Downstream to Stage 1 Meeting Existing Pipe 


As explained earlier, the machine was lowered into the pit and 
on to the rails which were already concreted in and set on 
grade, after the pit was completed. The back of the machine 
was used as one side of the formwork for the concrete push 
block. After the placing of the push block sufficient time 
had to be allowed for curing. During this time, grouting 
wes taking place along the centre line of the proposed jacking 
path. All grouting was done from the surface down to e depth 
of about 5} metres. After the commencement of jacking, when 
the hard ground around the jacking pit was encountered, 
progress improved. Production rates reached around 3 metres 
per 8 hour working day, on this section, The ground conditions 
at the face remained stable. 


Steering of the shield in this section proved to be the post 
crucial wapect of the job as the previously jacked pipe hed 
to be met on line and level. As has already been genres bi 
ring using "packers", enebled control to be Cae Line eit 
level. When deviations fron the leser controlled Line Sy 
were detected it was importent to take action oe oe 
inmediately. This is because response wae 00 eet Pa 
took about one full pipe length (2.45m) before =ONRNT t 
detected, Thus it was also important not to overct 


erally 


. This 
Jocking pressures were also improved on this sections ee line 
Probably due to the superior ground condition®» °8 0°, sading 
and the injection of the bentonite slurry jose ‘that jacking 
Pipe. From the accompanying graph it can PY S00 (oaag p.e.d.) 
Pressures reached a level just in excess of 


st 


Sa 


ence on line and lever th, 

Jeu within the limits of t 20 nash this 
Mipe met the exi8ting pipe tron th, 
papiith a variation of only gen ™ 


The last section of thin o” 1evel 
y that excovated “(Son Sit 


This enabled guidence or 
Fon en tne of eh 
Yrsnantled 08 backfilling prose; be) 
Hemyered from this stage ine 
senvre ron eh Similar manner to tet 


stage 6 = Jacking Upstream from pit 2 


the jecking of the upstream section ¢, 

further successes in the jacking technique” sco" Pit provided 
conditions soon changed from the yellow sacg eft, 270u"d 
previously. After about 12 met encountered 


‘at about this stage. As hi discusse 

Seer Sete ey ate er Se oe 
station, although working well initially, proved to have inedequa 
thrust in the wetter eiltier materiel. At one stage the entine 
face exhibited signs of the gray wet silty material” 


After @ further 10 metres of jacking the ground conditions hed 
improved to a situation of @ stable drier clayey send. It was 
at this stage that the intermedi 
operation end enabled the successful jacking of over 
netres of pipeline. While level through-thie section was once 
again maintained well within the limits of ~ 75 mm (as set down 
by the British Pipe Jacking Association) line did prove a little 
harder to control. At the finish of thie section the leading 
Pipes had moved up to 90 mn to the right. This, however, did 
not prove detrimental to the totel job as the open cut be 
jigned to be laid at an angle off te the right of the finis! 


decking line. 


id in this 


of ground conditions encountered 3 *0 


construction poin 
spew by this steges 
f this section was not. | This 

eater steering 


i tly 9} 
with eLSahtly orca good 


Steering respens®, 


The different typ) 
section proved interesting from @ 
yellow sand was well known to the ©! 
the grey-black siit in the contre 9 
Provided greeter jacking resister 
Fesponge. The clayey send on the fine ti 
Stound for jacking having @ lower ¥ Eejagiet y 
Varied depending on the hardness of th: 


‘Stege 7 = open cut cut. Te 


completed bY 97°) Ce open cut 


The final s: 8 if b was rf 
ge of the jol ‘eh and ed 
Jecking had overcome the problems of G6P!" 1. yap elo cones, | 
Section was done at depths of oe Macy few ground Prov 
¥ 
Tut through areas of clayey s#nd Mi pein 


1 main services were ut of 9 
Section, This open cut ction was dor 


tre: 
void disruption to the commercial ce” 


$2 


pusing J 
fowind 
coverint 


tsporstory tests with Portland Cenen: 
the send, functioning as @ filter, p 
the cement particles. Silicates wr; 
Sodium Silicetes have been used in 

jncreasing the load bearing 


* Proved unsuccessful os 
revented penetration of 
re then tried, 


naturally depend on factors such as the ¢. 

organic matter content, particle size ditvibie 
It will also depend on the degree of load bearing capac. 
sealing required. Sodium silicate has been foud whe i 


Theory of Gel Formation 


Basically soil consolidation with sodium silicate involves the 
formation of @ silaceous gel structure which binds the grains of 
soil together. Many methods are based on the precipitation of 
4 silaceous gel from a solution of sodium silicate by acid 

forming reactants such as celcium chloride, sodium bi-carbonate 


and ammonium chloride. Here gelation proceeds through the repid 
polymerization to polysilicate ions as neutralization of the 
hydroxyl ions present in equilibrium in silicate solutions take 


This disruption of the ionic equilibrium in liquid 
ion may also be 
ich hydrolyze 


pla 
Sodium silicates with consequent gel forneti 
ecconplished through the use of orgenic compounds whi 
in the presence of hydroxyl ions to give organic # 
known axganic gelling agents are formamide and the setste 
Polyhydric alcohols. Among these are stheylene 9'¥% 

(E.G.D.A.) and ethylene glycol triacetet (triecetin)+ 


Perane: ffecti ni 


ML the chemical te w 
gelling agen’ a 
Physical properties such as interperticle 0°00 o4) 


ies 
peesability and strength. The Fagen of getting 


varying markedly 
sion, 


ill give 9°! 


modified by varying the rele the # 
faizate. thie will also drastically tet 
or gel fi 

‘ormation. ation with 


formul J 
d ond its jes require 
: . 
Faces ete Pyaluatson wild Be 
pe 


In practice the gelling agent use: 

‘ium silicate will depend on th 
fom the soil being stabilized and $1 
eeary in 


eat 


go concentrated solution 
we, metas ltt of 
eifeate and the selling apne 
section may be vexy fast. y,°t 
{hef. 3) Process An whieh sodium, ost,the 


ie soit followed by a 30K soiue ja toate 
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gone gelling agents Used in the 

getiing only after a certein ¢. 
sling agent and Silicate may ne neo SPs 

into the soil. For exemple @ mix a's 


In each Situation laboratory mix 

siticete shovld be prepared vo thas’, 22509 agents 
the Tequired combination of penetration mitim” sving 
tise may be found. (Penetration roved bite ond ott 
of wetting agent). 
quantities of the fi 
the eoil may alter the setting tine ana ; : 
Set time will aleo be markedly effected Prigtiececteled =e 


It should also be borne in mind that the ‘ 
soit will change with ageing. For instence the sesiatene nee tt 
breakdown by moisture will greatly improve with age as vill 

the bonding strength and load bearing strength. This is caused 
by the continuing dehydretion of the silicate with tine. 


sil and ite exposure to 


The initiel moisture content of ¢ 
1x Which must be considered, 


water is therefore an inportent parene 


In this work the silicate used was a grade with the maximum 
available ratio of 5i0, Na0 (ICI grede N42 ~ weight retio 
3.2810, 1 1 Na,O). It@wes*found that variations fron the 
correct chenicéi specifications of the, silicate covsed 
substentiel differences in setting tines. 


Field Application 


In our tests a number of gelling age 
bicarbonate, ammonium chloride, Leese VES 
tetraborate, ¢ ne glyco) diece i! ines and 
vere tried with sodium eziicete M2 % aerate ez" 
Strengths when applied rane shot" gn 
sand. Encouraging results were obtein 
EDA, teiacetin and combinations of tS... 4 9 mins 
"medium" and "soft" silicate grout mixes Poo, site, 
delay time were used for various applicst® cine 

cod in 
1h the initial eite trials the grout v#0 SUES conventent 
from the pipe cutting face, howevet it eae | Plant end 
work from the surface during routine OPEV are exensho 
Metsriale, including @ bulk silicate t67% Lag used to 
® tray truck and a porteble eit compte 


te get 


drive the 


contds 
geout pump, mix tonk agitetor, pneumetic drill and air speet~ 


Injection procedure ran as fallows:~ 


{s) Holes were drilled through road or hard surface where 
necessary st 1-1f metre spacings. 


(b) A compressed air pipe was driven into the ground to ‘the 
required depth to dislodge compact sand. 


(ec) The grout was mixed in e 44 gallon drum and pumped inte the 
ground through a perforeted pipe. This should have @ 
seal around it at surface level to prevent ejection of 
the silicate. 


The leyout of the equipment is shown in Fig.6~ 


Fig. 6 


g.a contd 
‘The 


"goft" grout wes used to stabilize the sand ehead of the 

pe cutting face while offering little resistance to pipe 
peting. Formulation was 100 volumes 5.5% sodium bicarbonate, 
Jf Volunes sodium silicate N42. 60 volumes water. The 
fgediun" grout wae used for the excavation of the second jecking 
ft. The consolidated sand in this case was soft enough to be 
ecevated by hand yet strong enough to enable a 1.5 metre deep 
cut to be self-supporting until the wood formwork was in plece. 


Formulation was 100 volumes sodium silicete N42, 100 volumes 5.5% 
sodium bicarbonate in water, 3.2 volumes EGDA. 


The "hard" grout was used to consolidate an area of ground 
surrounding an S.E.C. pole and transformer adjacent to Kanenook 
Creek while works were carried out to repair undercut concrete 
sheet piling. There wes a risk that the weight of earthmoving 
plant on the undercut bank would cause a further collepse 
endangering both plent and the S.E.C. pole. Formulation was 
75 volumes sodium silicate N42, 25 volumes water, 2.5 volumes 
£.6.D.A., and 2.5 volumes triacetin. 


The permanence of the stabilized soil when exposed to rain or 
ground water appears to depend on the amount of water in the 
initial mix, i.e. the less water in the initiel mix the more 
permanent the gel. Although one test specimen has survived 
intact after being submerged for over a year it is difficult 
to forecast the permanence of massive gel structures from 
leboretory observations. 


The batch injection process used at Beach Street could be greatly 
improved by adopting a continuous process. This refinement 
should be considered if further soil consolidation work is 
anticipated. 


Silicate solutions ‘ere caustic chemicals and should be handled 
with cere, Continued handling without prompt washing may 

cause drying and cracking of the skin end even burns. Silicates 
will cause dangerous burns to the eyes. If any silicate is 
splashed onto the eyes firstly they must be washed copiously 


with water for at least 15 minutes, Only then should medi 
attention be sought. aaa 


| ti —— 


io peper highlights the techniques developed by the 
juthosity during the course of construction, an the 
Mecring of the shield to control line end grade of the 
Jecking pipe ond the effective stabilisation of » difficult 


medium. 


excavating in dry sand and especially sand dune country is 

’ extremely dangerous and expensive and virtually impossible 
without some form of ground stabilisation. Chemical 
grouting psoved to be a highly successful means of achieving 
stable ground conditions and allowing » pipe of this diemeter 
tobe jacked at depths in excess of 5.5m below ground level. 


The futhority's decision to jack this pipeline proved correct 
with only minor inconvenience to adjacent landowners, shop- 
keepers, pedestrians and vehicle traffic throughout the 
duration of the works. 


cr 


FUTURE OF PIPE JACKING IN Mé AND_SUBURBS 


In difficult ground conditions, ground freezing, compressed 
wee end slurry shielding techniques have proved successful, 
fowever the cost of these methods is high and almost prohibitive 
br 'emall dieneter tunnels of lengths up to 500 metres. 


vere difficult ground conditions are encountered, such as 
ind and the requirement to construct relatively short 
distances (e.g. 300m) of both small and large diemeter 
pipelines it appeers that pipe jecking combined with the 
use of intermediate jacking stations and blind jacking 
techniques offer a very economicel construction method. 


Questions are raised by local sewerage authorities regarding 
the allowable tolerances on pipe jacking projects being 
suitable for sewers. With the use of lasers and adequate 
face supervision excellent line and grade tolerances have 
been achieved on D.V.A. projects. 


There is @ growing reluctance on the part of Road Authorities 
end Municipalities to allow water supply, sewerage and drainage 
Authorities to use cut and cover trenching techniques to cross 
main and erteriel roads. Pipe boring end pipe jacking 
techniques therefore eppear to have a future in the suburban 

areas of Melbourne. Probably the greatest danger to the 
future of pipe jacking is the well meaning contractor who lacks 
capital and goes ahead on the "good idea" principle. The 
costs of recovering from a pipe jacking feilure can be serious 
and damage the reputation of the technique 


i, @ leading hand tunneiler 
experience, et the 
Ee of the cutting shield. The small cest 
sity pipeline is being removed. 


Gantry Lifting = 1950 mm "2" Cless 
pipe (6 tonne) into Jacking Pit 
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